This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 


Defective images within this document are accurate representations of 
the original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 


. BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 


IMAGES ARE BEST AVAILABLE COPY. 


As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 


PCX 


WORLD INTOXECTUAL PROraRTY OROAKlZA-nON 
wuKUJ IP* toteinatiaitl Bureau 



.nrrr- ■ -"""'^ '^^^ ^ "''^ coopeRAfON ^e^tv |pcr,. 


(51) Inteniatioiial Patent Classlficatfam ^ : 

H04R 25A)0, A61F 2A8, 11704, A61M 
2SAW8, 25/09 


(21) Uit«matkH«l Appltotton N««bert PCr/AU9(W)0n9 

(22) Internatto-I Filing D-t.: 29 March 1996 (29.03.96) 


Al 


(11) Intenational Publication Nomb^: 
(43) Inteniatlonal PubUcatton Date: 


WO 96/31087 

3 October 1996(03.10.96) 


(30) Priority DaU: 

08/414,656 
08/616^99 


30 March 1995 (30.03.95) 
15 March 1996 (15.03.96) 


US 
US 


(71) AppUcant: COCHLEAR LIMTIED (AU/AU]; 14 Mars Road 
Lane Cove. NSW 2066 (AU). 

f72)Inv«itor: KUZMA. Janusz; 10886 East CresUine Circle. 
Englcwood.CO8011l (US). 

(74) Agent: WATERMARK; Level 4, Amory Gardens. 2 Cavill 
Avenue, Ashficld, NSW 2131 (AU). 


(81) De«dgnated States: AU. CA. JP. ^P?" P*??! ^fl' 

we^^^ ^ ^ ^ j£ LU, MC. NL, 

PT. SE). 


Published 

With international search report. 




.43 

' .' .7/ 


* ' // 
i '/f 





. 1 • . « -•^i.ht fl^.ihu rodlikc electrode carrier and an initially straight 
An implwttble cochlear ele«rodc assembly (50).'»»'"J^^^j!"'^„XuSiS^^^^ 

flic assembly is achieved. 


Codes used lo identify 
applications under the PCT. 

\M Armenii 

AT Austria 

AU AustrtlU 

BB Bubados 

BE Belgium 

BF Buiktna F»so 

BG Bulgarii 

BJ Benin 

BR Brazil 

BY Belanu 

CA CaxtadM 

CF Central African RepublK 


FOR THE PURPOSES OF INFORMATION ONLY 
S««s pany U. *c per on U« f«nt pages of pamphlet pubUshing — onal 


cc 

Congo 

CH 

Switwriand 

CI 

Ctbt d'lvoire 

CM 

Cameroon 

CN 

China 

OS 

CrechosW>vakia 

cz 

Ctoch Republic 

DE 

Cennuiy 

DK 

Denznufc 

EB 

Estonia 

ES 

Spain 

Fl 

Finland 

FR 

France 

GA 

G^wn 


GB 
GB 
GN 
GR 
HU 

IE 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

U 

LK 

LR 

LT 

LU 

LV 

MC 

MD 

MG 

ML 

MN 

MR 


United Kingdom 

Georgia 

Guinea 

Greece 

Hvmgiry 


Italy 
Japan 
Kenya 
Kynontan 

DemooBiic Pwplc'i Republic 
of Koiea 

Republic of KoRa 

Kazakhttan 

Liechtenstein 

Sri Lanka 

Liberia 

Uthuania 

Luumboufg 

Latvia 


ftepublic of Moldova 

Madagascar 

Mali 

Ntoogotia 
Mauriunia 


MVi 

Malawi 

MX 

Mexico 

NE 

Niger 

NL 

Nethciianda 

NO 

Norway 

NZ 

New Zealand 

PL 

Poland 

FT 

Portugal 

RO 

Romania 

RU 

Russian Federation 

SD 

Sudan 

SE 

Sweden 

5G 

Singapore 

SI 

Stovenia 

SK 

Slovakia 

SN 

Senegal 

sz 

Swaziland 

TD 

Chad 

TG 

Togo 


TJ Taiikisun 

TT Trinidad and Tobago 

Ukraine 

UG Uganda 

US Untol States of America 

UZ Uzbekistan 
VN Viet Nam 


wo 96/31087 


PCr/AU96AM>179 


1 

COCHLEAR ELg CTRODE IMPLANT ASSEMBLIES WITH 
POSITIONING SYSTEM THEREFOR 

Technical Field 

This invention relates to cochlear electrode implant assemblies, and 
5 more particularly to a system for optimally positioning an implanted stimulating 
electrode assembly including an array of electrodes on a carrier therefor in the 
cochlea of a human ear. 
Background of the Invention 

The present invention is an improvement over the cochlear electrode 

10 implant and in particular over the cochlear electrode positioning system 
disclosed in PCT/AU92/CX)517. 

Generally speaking, the portions and structural components of a human 
ear with which the present invention is most closely concerned, though well 
known to those skilled in the art, are illustrated diagrammatically (without being 

15 drawn precisely to scale) in FIGS. 1A and 1B of the hereto appended drawings. 
In the human ear 30 (see FIG. 1A) of a normal hearing person, sound impinges 
on the eardrum 31 and is transmitted into the cochlea 32 via a system of bones 
33 called the ossicles, which act as levers to provide amplification and acoustic 
impedance matching, to a piston or membrane 34 called the oval window. The 

20 cochlea 32 is a spirally wound tube, resembling a snail shell, which is about 
35 mm long when unrolled and is divided along most of its whole length (see 
FIG. 1 B) by a partition 35 called the basilar membrane. The lower chamber 36 
of the cochlea is called the scale tympani, and the upper chamber 37 is called 
the scale vestibuli. The cochlea is filled with a fluid with a viscosity of about 

25 twice that of water. The scala tympani 36 is provided with another piston or 
membrane 38 called the round window (see FIG. 1A), which serves to take up 
the displacement of the fluid when the oval window 34 is moved. 

When the oval window is acoustically driven via the ossicles 33, the 
basilar membrane 35 is correspondingly displaced and vibrated by the 

30 movement of fluid in the cochlea. The displacement of the basilar membrane 
stimulates the hair cells 39 which are situated in a special structure 39a on the 
basilar membrane. Movements of these hairs produce electrical discharges in 
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«b«s 01 the aud«o.y no,ve though .he Uem^ ol me cells 40 of me spiral 
^"lion 4, Which a« located m the modiolus o, modlo^r wall 42 a, me «d«lly 

inner wall 43 ol the cochlea. 

Hearing loss, which may be due to many different causes. Is generally of 

5 two types, conductive and sensorineural. Of these, conductive hearing loss 
ZT^ere me nonhal mechanical pamways for sound to reach the ha,r «lls 
,„ me cochlea are Impeded, for example, by damage to the oss,cles. 
conductive hearing loss may often be helped by use of conventional hearmg 
aids, which amplify sound so that acoustic Infonnatlon does reach me cochlea 

,0 and me hair cells. Some tw»s of conductive hearing loss are also amenable to 

alleviation by surgical procedures. 

in many people who ere profoundly deaf, however, me reason for meir 
deafness is sensorineural hearing loss. This type of hearing loss Is due « the 
absence or me destmctlon of the hair cells in me cochlea which are needed to 
,5 transduce acoustic signals Into auditory nerve Impulses. These peop^ are 
unable to derive any benefit from conventional hearing aid systems, no matter 
how loud the acoustic stimulus Is made, because their j"' 
uansducmg sound energy into auditory nerve Unpulses have been damaged^ 
Thus, in me absence of properly function^tg hair cells, there is no a"*'"/* 
20 nerve Impulses can be generated directly from sounds. To overcome m. 
problem, there have been developed numerous cochlear implam systems wh,c^ 
seek to bypass the hair cells In me cochlea (the hair cells are located ,n me 
vicinity Of the radially outer wall 44 of the cochlea) b, presenting elecmca 
stimulation to the audKory nerve r,bres directly, leading to the ^^°"J^ 
25 sound in me brain and an at leas, panlal restoration of heanng function. The 
Tnel. common denominator in mese systems has been the -P^"— 
L cochlea of electrodes which are responsive .o suilable external sources of 
rirruii and Which are .tended to transml. mose s,lmull .0 Ihe ganglion 
cells and mereby.0 me audi.o.Vnen/e fibres. he stimulating 

30 in the l<no.«t cochlear Implant systems, me carr,e, 45 lor the st,mula,ng 

electrodes 46, as shown in FIGS. 2-7, usually Is a slightly tapered straight o 
mwrnatcurved rod of a cyllndr^l or part-cylindrica, cross-sechon and ,s 
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made o1 a resiliently flexible biocompatible synthetic plastic material such as a 
silicone polymer available commercially under the name -Silastic.-. The 
electrode carrier Is surgically placed Into the scale tympani. in close pro)am.ty to 
the basilar membrane, and currents passed to the electrodes 46 via respect.ve 
5 conductors or leads 47 embedded in the electrode carrier result in neural 
stimulation in proximate groups of ganglion cells. For this purpose, the 
electrodes or contacts, which are secured to the electrode carrier at spaced 
locations along its length, should preferably be located as close as possible to 
the modiolus, i.e.. near the radially inner wall 43 of the cochlea, where the spiral 
1 0 ganglion cells 40 to be stimulated are located. 

Here, however, a problem has been encountered. The electrode earners, 
as already mentioned, are generally manufactured in a straight tapered rodl.ke 
fomi from a resilient polymer or like elastomeric material. By virtue of their being 
straight or only very slightly curved, the electrode carriers can be smoothly and 
15 easily inserted into the scale tympani 36 of the cochlea 32 through the opening 
in the round window 38 or through a small hole drilled into the basal part of the 
cochlea. When such an electrode carrier 45 (see FIG. 10) is so Inserted into the 
cochlea 32. it flexibly curves into the spiral form of the scala tympani. but 
because the electrode carrier is resilient and has a -memory- tending to return it 
20 to its straight fom.. it ends up lying against, and closely following the curvature 
of the radially outer wall 44 of the cochlea. As a result, the electrodes 46 on the 
carrier end up being located in the vicinity of the damaged and non-funct.onal 
hair cells 39 on the basilar membrane 35 (see FIG. 11) but at a substantial 
distance (relatively speaking) from the inner wall 43 of the cochlea and hence 
25 also relatively far from the ganglion cells 40 in the modiolus, thereby limiting the 
achievable stimulation of the ganglion cells. In such a case, it is necessary to 
use stimulation currents which are somewhat higher than is usually deemed 
desirable, but that in turn leads to an undue overspread of the current and a 
reduction in the resolution of the stimulus. 
30 in an attempt to overcome these drawbacks, which also have not been 

overcome by proposals to make the electrode carrier either in a more or less 
greatly curved iom such as a spiral shape (see FIGS. 8 and 9) approximating 
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S ,a,e.. O. mesa ''^^ «^ J^^^ea l^a .ne, .y.O .esc«ea 
o, .»c.rodes ar.d their leads <'^^" sUasUC «h,ch does 

as being made o. a "'""^^'^Sl .he patienVs body «uids. ^.la 
^expand o,swe«^«<P<»«'«'"«^ , «as descHbed as be,n9 

„e o,ha, «yer (herein ^ner d.ec.ed a«ay ..om me 

,0 suKebly adhe«d to «» inne, .aye, a, s^ ^ ^™pa.lb.e sUioona 

con»o. .aoes o. .he r,^r.dd.« o. .^y ^ " 

po,yn.er (also S1U»..=) .om.o«.d *ro«b m , 
^„ac,V..o or .he .»» so » » "'^j^'^ ^ onca ^ Carrie, has 
Thder me action o1 «^e «.«>- <»''^^' „ a„an9eme-«. « «as 

,S been Inserted Into me coch^a By ma ns ^^^^^ 

suggested, me outer layer o. „^„a,e,y shmed away Irom its 

vZ^enerated expansloh o. the ,„ , ,«ond position «l.h« 

'pos^lon at me radially '^^^^^^^^ ourved surtace, a, 

«,e scale tympan. *ere the ""/^^ disposed m engageme^^- 

20 «hlch me contact faces o. the etectrode^ a- ^^^^^ ,„ 

:,.b the red* 1-r wall o, '^^^ZZ^ I ,be Indicated problem^ 
idioms and me ganglion cells. « » „ ^st. achieving a 

Lever, this approach was no, „„,er layer and o, the 

r^^^-""-"" 

BrielJassdEasaJlUteJffi^ . to provide a system tor 

^t^;^^^""^"^^ electrode implant 

30 positioning a stimulating ''-''"^ ; ™:„ ear so as to avoid the drawbacks 

tssembl, opt^ally - ^^^Sr^^'^'^^"^ — '"^'^'^ " 
and disadvantages o\ known 
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ensure the closest possible proximity of the electrodes to the modiolus and the 
ganglion cells. 

It is another object of the present invention to provide a cochlear 
electrode positioning system which is characterized by the fact that, although the 
5 electrode carrier is initially straight so as to allow for an easy, gentle and 
controllable insertion thereof into the cochlea, the carrier when inserted is forced 
by the system to lie closely against and to closely follow the curvature of the 
radially inner wall of the cochlea, and by the fact that the system enables the 
curvature of the carrier to be automatically adjusted so as to match that of any 
1 0 size cochlea. 

The present invention accordingly provides a cochlear electrode implant 
assembly which includes, in addition to the flexible rodlike initially straight 
electrode carrier, an electrode positioning system in the form of a flexible 
auxiliary positioning member which is likewise initially straight and is arranged 

1 5 in close juxtaposition to the electrode carrier longitudinally thereof on the side of 
the electrode carrier directed away from the modiolus-engaging contact faces of 
the electrodes and which, upon joint insertion thereof with the electrode carrier 
into the cochlea, assumes an enlarged outward curvature and presses over a 
major portion of its length against the radially outer wall of the cochlea so as to 

20 force the side of the electrode carrier where the contact faces of the electrodes 
are located as far as possible toward and into close proximity to the modiolus 
and hence into as close a proximity as possible to the ganglion cells. 

Preferably the electrode positioning system includes means which serve 
to lock the assembly consisting of the electrode carrier and the auxiliary 

25 positioning member in place within the cochlea at the end of the insertion stage, 
thereby to firmly and stably secure the assembly against inadvertent movement 
in and withdrawal from the cochlea. 

Preferably, the means for connecting the positioning member and the 
electrode carrier to each other are constructed so as to permit the positioning 

30 member to be withdrawn from the patient's ear ea$ily and separately from and 
without disturbing the electrode carrier, thereby to facilitate a subsequent 
extraction of the electrode carrier if that should become desirable or necessary. 


wo 96/31087 


PCr/AU9drt)0179 


6 

Generally speaking, in the implant assembly according to one aspect of 
the present invention the initially straight rod-like flexible electrode carrier, to 
which the multiple electrode elements or contacts (which may be as many as 22 
or more in number) are secured in any desired way, is combined, as t>efore, with 
5 an initially straight flexible positioning member which extends along the length 
of the electrode carrier and has a leading end region and a trailing end region 
connected to the leading end region and the trailing end region, respectively, of 
the electrode carrier In a manner to be more fully discussed hereinafter. In the 
assembly of the present invention, the electrode carrier and the positioning 
1 0 member are both preferably in the fonm of solid rods and are preferably made of 
respective biocompatible flexible plastic materials. Preferably, the electrode 
carrier is made of a flexible biocompatible silicone polymer such as Silastic. On 
the other hand, the positioning member preferably is made from a somewhat 
harder but still flexible biocompatible polymeric material such as nylon or Teflon 
15 (Teflon is a trademark for a material generically known as polytetrafluoro- 
ethylene or PTFE) or the like, which apart from having anti-friction properties 
also has a greater degree of stiffness and tensile strength than Silastic for 
enabling the positioning member to be used to pull the electrode carrier through 
the cochlea. The materials of which the electrode carrier and the positioning 
20 member in this embodiment of the present invention are made of must, of 
course, be such that they will not expand or swell upon being exposed to the 
water in the patient's body fluids. 

The electrodes may be in the form of discrete layers or bands secured to 
and overlying respective full-circumference or part-circumference regions of the 
25 rod-shaped electrode carrier, or in the form of discrete either planar or dome- 
shaped layers or other formations, arranged on a carrier of either circular or 
part-circular or similar cross-section, but in all cases located generally at that 
surface (hereinafter occasionally referred to as the lower surface) of the 
electrode carrier which, upon insertion of the carrier into the cochlea, will be 
30 concavely curved toward the modiolus. 

In the assembly, the positioning member has its lower surface disposed 
adjacent that surface (the upper surface) of the electrode carrier which, upon 
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insenlon o. .he crier ,n,o me cochlea, wl. be convex,, cun,ed away .rom me 

""°"°'"n ,he pre.erred embodimeh. C .he presen, in.en„cn. .he means .or 
oonne^n; J .eadin, end region o, .he pos«on,n, 
5 realon o. .he eleottcde carrier is a latchless rod-and-socke. we ol |0»«, wh, le 
^111 ,or connecu,, me .raiiin, end repton o. me P-''^-^;-"" ' 
he .railing end .egion o. me elecucde carrier Is a ring-shaped member or band 
ZZ. made o. S«a.ic or me ..e and .om,ed ,o be devoid o. ^^^ ^^2 
edges. The ring deflnes a single imerlor passageway .hrough wh«h .«m me 
,0 m-ber «,d me e^e career ,oin.ly exlend wim a c,«^^«. Th= 

r.«.gemen.. which wll, be more .* descHbed presently, « '^,^^^1 
L Js»nb.y (composed o. .he elecrode carrier and me P»«-'""^ 
Ung mserted in,o me scale .ympani «. me coch^a. bo,h me ^J^ZZ 
and me posLlonlng member are m .heir siarting s.ra,gh. and subs.an.,ai y 
,5 p^lllel sL. wim me medial region o. ,he posiilonlng member beh»e«, s 
CZ and .ralilng end regions being separa.ed .rem (in .he sense o, be,ng 
unconneced .o) .he )>««aposed media, region '^'^^^^'^^ 

The insertion o. me assembly imc .he pa«enfs ear « preferably eHeCed 
by me surgeon gripping and pushing ,he posKionlng member .on»ardly w,m .he 
20 a suKable inser,lon ,ool. The. acion. by vlnue o. .he ,n.erconneCed 

Tadl end regions me elecrode earner and me posiiionlng 
me eie^rode carrier .o be e«ec.l.eiy pulled ln.o me cochlea. When ,he 

— rrr: :rr^rir~: 

ZZoZ elecrode-bearmg lower or inwardly directed surface up aga,ns, me 
ria^ innla, region C .he radial. Inner or mod..r wa„ - 

Thereupon, .he con.inu,ng pushing force be,ng exerfed by .he u , on 
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forward motion of the electrode carrier is retarded somewhat due to the frictional 
drag exerted by the modiolar wall on the electrode carrier. By virtue of the 
interconnections of the leading and trailing end regions of the electrode carrier 
with the leading and trailing end regions of the positioning member, this 
5 advance of the positioning member relative to the electrode carrier results on 
the one hand in the medial region of the positioning member between its 
leading and trailing end regions assuming an outwardly bowed or arched 
configuration relative to the medial region of the electrode carrier and on the 
other hand In the leading end region of the positioning member curving away 

10 from the outer wall and toward the radially inner wall of the cochlea. The tip of 
the electrode carrier thus is forced across the width of the scala tympani until the 
leading end region as well as substantially the entire length of the 
electrode-bearing surface of the electrode carrier up to the trailing end region 
thereof is in close hugging contact with the modiolar wall. Upon completion of 

15 the insertion, therefore, the electrodes supported by the electrode carrier are 
then held by the positioning member, due to the latter being outwardly bowed or 
arched relative to the electrode carrier against the constraint of the radially outer 
wall of the cochlea, in as close a juxtaposition to the ganglion cells as possible. 
Once the electrode carrier has been fully advanced in this manner to the 

20 desired final arched state thereof, the entire assembly remains firmly in place, 
because in the absence of a rearwardly directed pulling force exerted on the 
positioning member, the arched portion of the positioning member, despite its 
being made of a material with antifriction properties, is frictionally restrained by 
the ring member against reverse movement through the latter and hence is 

25 unable to straighten out. The positioning member thus remains in full surface 
contact over a major portion of its length with the radially outer wall of the 
cochlea. This stabilizes the assembly in the scala tympani and makes any 
inadvertent movement of the electrode carrier in the cochlea and especially a 
reverse movement thereof out of the cochlea effectively impossible. 

30 The two parts of the assembly in this embodiment of the invention are 

connected to one another at their respective leading ends, as previously 
mentioned, by a latchless rod-and-socket type of joint, of which the rod-part is 


PCT/A1J9«0017» 

WO 96/31087 

9 

preferably supported by the posltiorting member and the correspondingly 
configured socket-part is supported by the electrode carrier. In the currently 
contemplated best mode of implementing the joint, the socket-part thereof is 
constituted by a small tubular wire coil formation preferably utilizing a bundle of 
5 about 2-4 insulated wires which are identical to the conductors for the 
electrodes and are embedded In the electrode carrier at the time of its 
manufacture but are not connected to the signal source. Alternatively, of course, 
the coil fonnalion can be made of a single somewhat thicker wire. The tubular 
wire coil formation is embedded in the tip end region of the electrode carrier so 
1 0 that the axial hollow interior of the coil slants fonwardly somewhat in the direction 
from the upper surface of the electrode carrier toward the lower surface thereof, 
with the interior of the coll being accessible through an appropriate opening 
provided in the upper surface of the electrode carrier in axial alignment with the 
coil formation. 

1 5 Correspondingly, the rod-part of the joint is constituted by the leading end 

region of a single guide wire running longitudinally through the positioning 
member. The said leading end region of this wire is of conventionally round 
cross-section, has a diameter of about 0.1 mm and a length of about 2 mm. and 
protrudes obliquely downwardly from the tip of the positioning member so as to 

20 be adapted to be slidably received in the hollow interior of the coil formation 
within the electrode carrier. The remainder of the guide-wire is preferably 
flattened into a generally rectangular cross-section, has a thickness of about 
0.03 mm and a width of approximately one half of the width of the positioning 
member, and extends through the entire length of the positioning member. The 

25 guide wire has a flat face thereof facing toward the electrode carrier, so that the 
guide wire serves as a stiffening element which renders the positioning member 
resistant to side to side flexure in the plane of the guide wire while permitting 
essentially unhindered flexure of the positioning member in a direction 
perpendicular to that plane, i.e.. in the direction toward and away from the 

30 electrode carrier. 

According to another embodiment, the two parts of the assembly are 
linked or articulated to one another at their respective leading ends by a 
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ba«..nd.socKe. We ». lom.. o. which ,he b.,.p.r. («h,=h may have e,mer a 
aphsrtca, o, a non-spherlca, shape) p...erab„ Is supported by .he electrode 
carrier and correspondlr^ly configured socket-part Is tormed on he 
nnember. In me cu,r«„ly con.en,p.a,ed bes, mode o. lmplemen,.9 
5 Z llnkase. a small number of wires (preferably 2^ Insulated wires Identical to 
me Lduciors for me eteCrodes but no. connected to me signal source, are run 
through me eleCrode carrier a. the time of «s manufacture, and these wires 
terminate outside the «p of the elecuode carr»r. At the distal ends of mesa 
wires a suitable distance from the «P of me electrode carrier, '"e Insulation .s 
,0 stripped of. the wires and the so expos«. end regions mereof are meued 
.ogemer to form a ball «^ a functionally tike solid body), so .ha. .he latter .s 
oLlvely supported by m. electrode carrier mrough the Intermediary o. me 
wires, correspondingly, me leading end region of me positiohing mernber « 
provided wim a fronwardly open axial slK disposed in me common ax.al plane 
,5 of me assembly and dimensioned, bom lengmwlse and wldthwise. to 
ILmodate the pomon of the ball-supporting bundle of wires between me 
ball and me .ip of .he electrode carrier. The poslfionlng ^ 
provided a. me reamrardmos. end of .he slit on the outer surface of the 
positioning member with an enlarged suitably configured open-topped recess o, 
20 TepressK^ facing away from the electrode carrier .o cons.„u,e me socke, for 

'^'TcCly preferred me«,s for ensuring ma, .he assembly according 
,o .he present inven.lon remains locked In place in any given 
he assembly m .he pa.len.'s ear is a fitting having a body made o a 

25 biocompatible ptastic materia, such as Silastic and hav^g me fom, o a nng o 
bTn^o, a generally D-shaped cross-secticai configuration, wim the flat w^l o 
me -D- deLg me inner circumferential boundary surface of the nng. The rnner 
rmiguratlon o' me ring closely matches the combined outer - 'gur-on o, 
assembled electrode carrier and positioning member. Thus, when the 

30 p^sLnlng member and the eiaclrode carrier are in .heir properly assemb^d 
!^«e .he ring ck.sely surrounds and embraces mem a. meir .railing e.^ reg,«^s 
rmerernnects mem to each omer. it will be understood .ha. a»hough ,he 
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positioning member is made of a material (PTFE or the like) having ant.fnct.on 
properties. In the absence o1 any longitudinal force applied by the surgeon to 
the positioning member the Silastic ring frictionally restrains the positioning 
member against any free or unforced longitudinal displacement through the nng 

5 and relative to the electrode carrier. ^. ^ 

On the other hand, the antHriction property of the material of which the 
positioning member is made ensures that when a longitudinal force is applied 
by the surgeon to the positioning member, the latter can slide through the ring 
and relative to the electrode carrier. Thus, when the surgeon, while the leading 
10 end regions of the positioning member and the electrode carrier are connected 
to each other by the Interfitted parts of the latchless rod-and-soclcet joint, exerts 
(whether by hand or with the aid of a conventional insertion tool) a sufficient 
longitudinal forwardly directed pushing force on the positioning member 
rearwardly of the location where the trailing end regions of the positioning 
15 member and the electrode carrier are connected to each other by the nng the 
positioning member is able to slide through the ring. As a result thereof, the 
portion of the positioning member located between the two connections, i.e.. the 
portion between the ring and the rod-and-socket joint, assumes an outwardly 
arched or bowed configuration relative to the upper suriace of the electrode 
20 carrier, so that by virtue of the upper surface of the positioning member coming 
into engagement with the radially outer wall of the cochlea, the electrode earner 
is displaced across the width of the scala tympani so as to bring the contact 
elements on the lower surface of the electrode carrier into the closest possible 
proximity to the modiolus and the ganglion cells. Likewise as a result of the 
25 arching of the posHioning member, the oblique orientation, relative to the axis of 
the ring, of that portion of the positioning member which is proximate to the nng 
in the region between the two connecting means, aided by the frictional contact 
between the ring and both the positioning member and the electrode earner, 
ensures that the positioning member cannot of its own accord slide rearwardly 
30 through the ring and that the entire assembly will remain stable in its inserted 

position vflthin the cochlea. 

The antifriction character of PTFE also comes into play when the 
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m^, become necess«, .or any reason. ,he surgeon. wh,le •<°'*"8 «™ ""^ 
Lonary In patients omer ear. «,« ^ exe., on .he pos,.,omng n.ember a 
rirdly direCed .0n9l.ud.nal pu..ing .oroe o. suWCen, n,.gn„ude .0 

s Znr*e lr.«tona. .nleracion between the ring and the pos«,on,na 

' L cause a ,ea™.ard s„d.g o. tbe pos,.Wng .en.be, «,™ugn 

me ring accon,panM .n«.a,W by a stra.ghten.ng o. the arched porno o, me 
pt. o^ng member ,*..e the outrode carr^r remains . P"- """^ 
rod-part 0. the io^t between the tead.ng end regions o. the P»«-'"8 memt«r 

1 0 L me eiectrode carrier. wh«, .s not .etched c. .coKed to me - '-""^^^ 
,n any way. ^ be pu..ed sUd.ng,y ou, o. me asscCeted socket-pad o^ me ,om. o 
1 J, me posnioning member ,0 be .u..y w.mdrawn trom me coch,ea «ha. 
Tarpons .0 me e.ectrode carrier aner such an extraction o. me p^«.on,ng 
member is dependent on whemer or not scar tissue wi.i have grown n he 

,5 ^h.ea and encapsu.a.ed the electrode carrier. .. encapsu«>.,on has taKen 
Z t..e eiectro^ carrier wii, be heid in p.ace by the scar tissue m a 

— :r;:,:rrn:.orrr.r!^^^^^^ 
racrr.:gra,r:=^^^^^^^^^^ 

course me eiecroda carr^r can be ,e,at.e.y easiiy extracted „om 
,S "'"t'emative means according to the inven«on tor .oCin, me assernb, 
in ptac^sTfitting having a body in the torn, c. a generatiy S-shaped structu^ 

r:. a stripi. titanium or .i.e 

opposite end regions (the .cops ol the S ) a pair o 

passageways extending mrough the titting paraiiei .0 ,ts "d separa e^^^ 

the other for accommodating the positioning memt^r. The portion 
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the fitting which defines the passageway through which the electrode carrier 
extends is fixed to the trailing end region of the electrode carrier, e.g.. by being 
crimped thereonto. somewhat rearwardly of the trailing end of the array of 
electrodes, while the portion of the body of the fitting which defines the 
5 passageway through which the positioning member extends is provided w.th 
wedgelike means arranged to permit fon<vard movement but prevent reverse 
movement of the positioning member through that passageway. The wedgeLke 
means preferably has the fom, of a short strip of metal which is affixed at one 
end edge thereof to the medial partition of the fitting and extends from .ts 
10 attachment location along the proximate face of the partition in the direction of 
forward movement of the positioning member, the wedging strip terniinating at 
an opposite relatively sharp free end edge thereof and being oriented at an 
inclination relative to the partition and toward the axis of the passageway 
through which the positioning member extends. 
15 It will be understood, therefore, that the positioning member can slide 

freely past the free end edge of the wedging strip when moving in the forward 
direction during the insertion stage, i.e.. while the pushing force is being exerted 
on the positioning member. On the other hand, upon completion of the .nsertion 
stage (or. for that matter, at any time during the insertion stage), if the pushing 
20 force is relaxed and the positioning member starts to move in the reverse 
direction, the free end edge of the wedging strip will immediately b.te. i.e.. 
penetrate slightly on a bias, into the positioning member and will create a 
pawl-like wedging effect, thereby to inhibit any further reverse movement of the 
positioning member and to lock the entire implant assembly in place. 
25 m another embodiment of the Invention, the positioning member again 

has a straight rodlike configuration In the starting (pre-insertion) state of the 
assembly and is located lengthwise of and in close parallel relation to the 
electrode carrier. In this case, however, the positioning member is not a solid 
rod but rather is constituted by an elastic axially compressed tube of Silastic or 
30 like biocompatible plastic material, this tube even in its compressed state being 
longer than the array of electrodes on the electrode carrier. A platinum wire (this 
is preferred, although any type of tension member of a biocompatible material 
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. «iifiv even of a non-metallic material, can be 

~ * r,"rr» — r.™ — . > 

10 compressed tuoe nas K5 WO" a ^ «Mdiv secured or 

« «i«rtrode carrier and has its trailing end region lixeaiy secu 

„e »ire -emains clamped in place on .he elecucde ^'"^■^^ 

ccmp,essea .uPe a.o e^^^^^^^^^ ca-Her en.e,s ,.e spl,a,, c.ve. 

^5 me P-"'7= j;;;;;::';^ p„3,«cnl„0 me.be, and .he e,ec.rode carrle, 
secion c. .he J""* ^ „,„be, over suhs.an,ia«y 

become correspondingly cunreo. wun . p ^ 
„s en.lre length being In comae, with .he -^'^ " o. me posKloning 
„„h me elecode car,ler Cose,, .o low,n, m ^ 1 eleclrodes ou, o, 
30 member and consequemly dlspos^g 

,he desired degree o. pro«^l.y .o ''^^'^^^^^Z .ulles, e«en, 
once ,he insenlon opera.«.n has been earned ou. 
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possible, however, the trailing end of the wire is undamped from the electrode 
carrier. This releases the constraint exerted by the wire on the compressed tube 
and permits the tube to expand longitudinally so as to assume, by virtue of the 
fact that the leading and trailing end regions of the tube are effectively held sta- 
5 tionary on the electrode carrier and that an additional portion of the new 
released wire is drawn into the tube, an outwardly arched or bowed 
configuration relative to the electrode carrier. As a result, the expanding tube 
acts in the manner of a spring and. aided by the stiffening effect of the wire 
confined within the tube, exerts an outward force on the radially outer wall of the 
10 cochlea. By virtue of the Interconnection of the leading end regions of the 
positioning member and the electrode carrier, therefore, the arching of the 
positioning member forces the tip of the electrode carrier across the width of the 
scale tympani until it comes into contact with the radially inner wall of the 
cochlea and concomitantly therewith causes the electrode-bearing surface of 
15 the electrode carrier to come along its entire length into close hugging contact 
with the modiolar wall. It will furthermore be understood, in this regard, that 
when in the described final position of the assembly, the trailing end region of 
the Wire is again fastened. i.e.. reclamped. to the electrode carrier, the arched 
positioning member constituted by the tube and the wire which is enclosed 
20 therein constitutes the means for locking the assembly in place by virtue of the 
fact that, in the absence of a pulling force exerted on the wire, the arched 
positioning member is effectively precluded from returning to its original straight 
state, so that any instability or inadvertent movement of the assembly in the co- 
chlea or reversely out of the cochlea is effectively inhibited. 
25 in accordance with yet another embodiment of the invention, the 

assembly initially consists of a straight rodlike electrode carrier which is made of 
Silastic silicone plastic material that is inert to and does not expand under the 
action of the water in the patient's body fluids, and a straight rodlike pos.t.on.ng 
member which is likewise made of Silastic silicone plastic material but one that 
30 is formulated to be responsive to and to expand or swell under the act.on of the 
water in the patient's body fluids. As disclosed in the aforesaid application Ser. 
NO 211 269. the Silastic silicone polymer may be rendered water-swellable by 
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mixing « p.ede«™in9d «noun« o. finely ground Nad. P<''>»'^'=/';;* "J 
Z^ubsTI «hi* ,n e«ec, *.w in water «.en exposed ,o me bod, .,u,ds^ 
Te ell^rode carrier and the posi«<».ing member IniUaliy are eHectiveiy egua, ,n 
Tng^tTe moU« or otherv^ secured, e.g.. bonded. .0 each o»»r a. he» 
Tstciv. .eeding and .railing end regions, and be^ .bose 
"a^po^d sub«a.«la.iy paraM .0 «^ separa»d .rem (unconnaced .0) each 


Other. 


m use. .his assembhr is iniUally insened in.o .he scaia .ympanl. as before, 
whiie sfiii : «s srraigh. s.a«. end «,a insenion is .hen con.inued 
,0 pushing «>e assemb., .0 advance ai<«g .he spireiiy curv«. J* 
Lhlea During .his stage of «,e opera.ion. .he posiiionlng member and «<e 
e^^ cerrier boU, bec«n. »rresp»,dingiy curved. wi.h .he posmon, g 
m^ro". eubs»n.i..iy .« .mire .en*h being in con«c. wi* .he rad,a y 
Ja« of .he cochiea, and wnh «,e «e«rode carrier Coseiy ^iio^ng e 
,6 Turvarure of .he posi«oning member and disposing .he comae, .aces of .he 
e^r^sou. of me desired cose proxim»v.o .he modioius. Onceme.ns hen 

<^ra.ion has been carried ou. .0 «,e fuiias. possib^ extern, '^^■'^ 
a«ion by the surgeon to shKt the eiacrode carrier » ^7 
,.nuired Raiher .he subsequem swelling of .he pos...on,ng member over a 
,0 Zd o. «:e as .. is exposed .0 .e pa.ien..s body fluids - cause 1 e 
posilioning member .0 assume, by vir.ua of »s fixed ''^^-^ -^^^^^^ 
the elecrode carrier, an ouwanily bowed or arched ccnf,9ura..on rela. ve .0 he 
de car,., so as .0 exer. an ou.ward f.ce agains. me --"^ — ^ ' 
,ne oochiea. As a resuH of me expansion c. the posi..h,n, 

!r„l c he elaCrode earner .0 come along i.s en.,re iengm ^.o close hugging 
surface of .he ^ posKioning member. wh,ch 
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instability of the assembly in or reverse movement thereof out of the cochlea. 

The principal advantage of the positioning system according to all of the 
emkx>diments of the present invention is that the presence of the positioning 
member alongside the electrode carrier, with their opposite end regions 
5 connected to and with their medial regions separated from each other, generally 
ensures that the electrode-bearing face of the electrode carrier ends up in close 
contact with the modiolus so as to juxtapose the electrode contact faces as close 
to the ganglion cells as possible. It will be appreciated that anatomical 
abnormalities may make this less effective in some cases, however, in all cases 
10 the electrode carrier will tend to move towards the modiolus. A related 
advantage is that the curvature of the electrode carrier is automatically adjusted 
to that of the cochlea irrespective of the size of the cochlea, so that a 
pre*insertion adaptation of the system to any particular patient's cochlea is not 
required. 

15 Brief Description of the Drawings 

The foregoing and other objects, characteristics and advantages of the 
present invention will be more clearly understood from the following detailed 
description thereof when read in conjunction with the accompanying drawings, 
which are basically schematic or diagrammatic in nature and should be viewed 

20 as such, in which: 

FIGS. 1A and IB, which have already been discussed previously herein, 
are diagrammatic interior views, not necessarily drawn to scale, of those 
portions of the human ear. including the cochlea, the structural and functional 
characteristics of which are relevant to an understanding of the present 

25 invention, with FIG. 1 A generally showing the overall structure of the ear partly in 
elevation and partly in longitudinal section, while FIG. IB is a greatly enlarged 
cross-sectional view, taken along: the line IB-IB in FIG. 1A. which generally 
illustrates the structure of the cochlea; 

FIGS. 2-9. which have also been discussed above, are schematic 

30 illustrations of various types of known electrode carriers for cochlear implant 
systems, with FIGS. 2, 3, 5. 6 and 8 being fragmentary elevational views, partly 
in section, of the electrode carriers, while FIGS. 4, 7 and 9 are cross-sectional 
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Views taken along the lines 4-4, 7-7 and 9-9 in FIGS. 3. 6 and 8, respectively; 

FIGS. 10 and 11, which have already been discussed above, 
schematically illustrate the cochlea of a human ear having one of the known 
electrode carriers inserted thereinto and show the unsatisfactory final position of 
5 the electrode carrier and its array of electrodes in the cochlea, with FIG. 1 1 
being a greatly enlarged cross-sectional view taken along the line 11-11 in FIG. 
10; 

FIG. 12 is a fragmentary longitudinal sectional view, partly in elevation, of 
a cochlear electrode carrier/ positioning member assembly according to one 

1 0 embodiment of the present invention in the pre-insertion state of the assembly 
and illustrates one type of joint for interconnecting the leading end regions of the 
electrode carrier and the positioning member and a wedging type of fitting for 
interconnecting the trailing end regions of the electrode carrier and the 
positioning member for one-directional movement of the latter relative to the 

15 former; 

FIG. 13 is a view similar to FIG. 12 but illustrates the assembly in its 
post-insertion state and shows the fitting as wedging the positioning member 
against reverse movement for locking the assembly in place in the cochlea; 

FIG. 14 is a perspective illustration of the wedge-type fitting shown in 
20 FIGS. 12 and 13; 

FIG. 15 is a perspective illustration of a slightly modified version of the 
fitting shown in FIG. 14; 

FIG. 16 is a perspective illustration of a different form of wedge-type fitting 
which has a generally tubular structure and may be used with the cochlear 
25 electrode implant assembly of FIGS. 12 and 13; 

FIG. 17 is a fragmentary side elevational view, partly in section, of a 
cochlear electrode implant assembly utilizing the wedge-type fitting of FIG. 16 
and shows the fitting as having its electrode carrier-accommodating section 
molded to the electrode carrier and as having its positioning 
30 member-accommodating 'section in the wedging state thereof; 

FIG. 18 is a perspective illustration of yet another form of tubular fitting 
which may be used with the cochlear electrode implant assembly of FIGS. 12 
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and 13 but permits bidirectional movement of the positioning member and 
therefore requires a crimping of a portion of the fitting onto the positioning 
member to lock the latter against reverse movement; 

FIG. 19 is a fragmentary side elevational view, partly in section, of a 
5 cochlear electrode implant assembly utilizing the crimp*type fitting of FIG. 18 
and shows the fitting as having its electrode carrier-accommodating section 
molded to the electrode carrier; 

FIGS. 20 and 21 are schematic illustrations in longitudinal section, 
respectively, of the initial and final stages of the insertion of a cochlear electrode 
1 0 carrier and positioning memt>er assembly according to the embodiment of the 
invention shown in FIGS. 12 and 13 Into the cochlea of a human ear. with FIG. 
21 showing the satisfactory final locked position of the electrode carrier; 

FIG. 22 is a greatly enlarged cross-sectional view taken along the line 
22-22 in FIG. 21; 

15 FIGS. 23, 24 and 25 are schematic illustrations in longitudinal section, 

respectively, of the initial, intermediate and final stages of the insertion of a 
cochlear electrode carrier and positioning member assembly according to a 
second embodiment of the present invention into the cochlea of a human ear, 
with FIG. 25 showing the satisfactory final locked position of the electrode 

20 carrier; 

FIGS. 26, 27 and 28 are schematic illustrations in longitudinal section, 
respectively, of the initial, intermediate and final stages of the insertion of a 
cochlear electrode carrier and positioning member assembly according to a 
third embodiment of the present invention into the cochlea of a human ear, with 

25 FIG. 28 showing the satisfactory final locked position of the electrode carrier; 

FIG. 29 is a fragmentary longitudinal sectional view of a cochlear 
electrode carrier/positioning member assembly according to a fourth 
embodiment of the present Invention essentially in the preinsertion state of the 
assembly and illustrates a latchless rod-and-socket joint for interconnecting the 

30 leading end regions of the electrode carrier and the positioning member and a 
ring-shaped member for interconnecting the trailing end regions of the electrode 
carrier and the positioning member; 
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FIG. 32 IS a persp ^.^^ ^^^,„g ^ 

positioning member; somewhat enlarged scale. 

FIG 33 is a perspective illustration, drawn ro a 

cochlea, elecrcde caler and pc.,,K..n ^ , ^, 

fourth embodimen, o. me present .nven..»n '^^l c. me e,ec.,ode 

„i,h HG. 36 showing the satisfactory Unal iocked position 

carrier; . . „^;*,,Hinal section, of the initial 

,0 F.G. 37 is a schen-atio iiiustratton, '^^'^ '"^^^^ „ 

stage o. the extraotioo o1 the posftonrng member acoordmg 
embodiment irom me patients ear; and 

..ctro^itritr^^^^^^^ r: 

pl^plorv to an e«traCion o. me eieCrode carrier tron, the ear. 
1 1 iilinn nt ttr- 

First Embodiment „„«,„ detail FIGS. 12 and 13 show a 

""^"'"7:1.^ " -" acoordance with a tirs, 
30 cochlear electrode .mpiant ""'"^'>' 5, of a pa- 
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electrode ca-tler to the leading end tewon 52. ot t p 
„„n means 5. .0, cc^teotlng the -""""^'^^^^ t me one nand 
,„ the t-ng «>d «^ 52b o. the P««7'^ r^"^-^^^^. having the 
S tne elect-ode ca..e, 51 Is -3™^:^J'^X:g a st^lgh. .le.«e 

3,^„,e o. the electrode oa-ner of FIGS. 3 and 4. . ^ 

eolK. rod o. circular co^-sectlon, «*-lch ,a ™* »• fj^'^^,^ ^ ,„ e 

equivalent biocompatible material, v^ich 7 stb 

;edlal region 5,c between the ^'^^Z""* ^el JsTln the .orm o. 
,0 bears an arra, ^-f-* ^^1— - »' 

rrr'errr --rrrrrr:: 

SB made o, .*e "<>-f sorntr^sentlng signals or 

conducting stimuli In the torn, „, course. 

,5 impulses to the vahous electrode e^™'^'^^'^^ „ell have any o. 
,na. the electrode carder and Its ^^J^^H, ^ „o. me pre- 
the omer conliguratlons thereo) shown « FIGS. 2 and 5 9. 
c„„ed spiral Shape shc»,n ^r.ae J 

on me "'''".•'''"trra lllble solid rod ol preterably circular 
20 embodiment ol me invention .s a flexible ^^^^^ 

c,oss.secf.h. Which IS ahown as being =-7^^, ^^^^^^^^^^ The 
carrier 51 (aUhough this Is not an -'^'^^"^''^^^ .^^^ ,0 the 
positlon^g member, which Inlt^lly Is also genera^fy ^^^^ 

------:^r55r::rdrd::ersiengm.seo.anda,ong 

25 Of me electrode ^'^^' /f/^Hs leading and trailing end regions 52a and 
,he electrode earner so as to have its le s 

52b adlacent, respectively, .0 the ^^^T^'^^Ze^Z 520 between me 
c, ,ne electrode carrier and so as ^^'l^^^^^ ,,. „„connec.ed 

r rnh^d — r tl^le .rengm. is preferably a 
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.a,der materta. such as nylon, Te«cn or a Te.,o„.,»<e n,a.e,ia, (poMe.-B.luoro. 

teTnll S3 >«««en me ,ead,n« en. ^ saa o, .he posUlonl^ 
member and .he leadln, end realon 5,a o. .he eleCode earner ,n .he 
. Z!!Lro. FIGS 12 end .3 is e«ec.ed by means ol a ball-and-socKe. ,=m. 
' : ~d er,an,emen.. Incudes a hal, e.men. suppon^ hy^e 

elecrode carrier and a socke. portion loca.«l on me pos««n.no 
p^Xiy, .he e^crode carrier 51 a. me ,.ne o. «s manu.ac.ure ,s pro.de 
L inlerior wi.h a lew. preferably Irom 2 ,o 4. addl.ional insulated «.res 56a 
1 0 ir:: Physlca., .deo.lca, .o and e«end lon,i.ud,nall, mrou^ me e e«rc^e 
carrier like .he wires 56 but are no. conneced to me source o. me eiecmcal 
Z . The bundled Wires 56a prcrude a short distance .on«a,d,y beyond he 
,^ o. me electrode carrier and at their distal end regions are melted «.d n,sed .<> 
each omer ^.o the torm o. a bail 53a. Correspond^, me pos«,on,ng membe 
,5 «Ts provided at its tip wim a .r«iw,erdly open and rearwardiy e«end,ng aK,al 
« 3b"s^ ..de enough .o accommodate the .hicKness o. me ^-^^ - 
56a whiLh support me ball elemen, 53a, and at its side tacing away .rom the 
^Lode carL me positioning member is provided wi,h an appropr«t^ 
conligured and dimensioned open-.opped arcuate recess or depression 53c 
20 wt symmetrically bridges the rearwardmost end o, the s,,,. Dur.ng the 
LembL operation, merefore, I. is merely necessary to slip me pr^ec. ng 
:::::„ o. me bunO^ o. w,res into me sl« and to slide me bail over the top 
surface ol me positioning member until it Is received in me recess. 

"t shou'd be understood, in mis regard, mat aUhough as a ge ere. 

Ta merein other lomrs thereo. could also serve the tunctionai purposes o. 

rrT^tr^rerenrdUand-soc.^ 
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be and should be. interpreted in their broadest possible sense. 

The connec^on 54 between «,e tra*g end region 5,b o. .he eieotrode 
carrier and the trailing end region S2b o( the positioning member in the 
ZZZ. o, F1<.S.'2 and 13 IS elected by means o, a ™>* 
5 tubular lining 57 «hl=h is made o. titanium strtp and has a body ,n the torn, o. a 
S-shaped structure (see R<3. 14). The essentia^, tubular loops 57 
and 57b of the -S- daHne a pair of subst«..iaily parallel passageways 57c and 
^d Loh extend through «Ung along respective axes paraitel to the ax, o, 
the llttln, and are separated from each o«ter by an interior P-«^''-J' 
,0 constituted by the center web o. the -S." Within the ^^'^'^J^;^^ 
provided. ^ accordance with one version of the fmmg 57 J"' 
present invention, an additional strip 57f of tUanium which along c« end e^e 
Lreol IS spofwelded to «ie pamion 57e a. 57, and extends forwardiy fr™ , a 
ccatlon though the passageway 57d at an inclination toward the ax,s of a 
15 passageway. The distal end edge 57h of the str^ 57f Is relatively sharp for a 
purpose to be more fully explained presently. 

The passageway 57c is initially dimensioned to freely l.dab^ 
accommodate the electrode carrier 51 for Insertion '^y-' '^^ '^^ 
oassaoeway with the porton ol the titanium strip which constitutes the loop 57a 
20 Zg rZntiy -exib": and strr^g to permit « to be crimped onto an t ereby 

pemianentiy a«ixed to the '^J:^''^:^::^" TJ^^^^ 

hand, is dimensioned so that, as is dear from RS. 1 2. at t.me 

that as is clear from FIG. 13. no movement of the positioning member relative 
: t e fi^n inl reverse dlreCn can ta.e place because immediately upon 
rmencemen. o, such a movement the ang^d strip 57f will «e« a PawJ.* 
30 ^"ng action on the posr„nlng member by virtue of .he shan= end edge 57. 
r^esWpbUIng into the proximate Side regton Of the posHion^g member. That 

Jedglntaln will be funher assisted by the Ming, and espeoially so when the 
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positioning member has as».mad i« ou«.rd,y bowed or arched coniigure^n 
l^^m ^ o. wbich i. Shown in FIG. ,3), because concurrenUy 
11 Ce e^e 57n bnlng «..o one side reflion o. .he posKloning mem.«r^he 
Cat sha^ «ner bo«om edge 571 o. me loop 57b wia bi.e ..c me oppos»e 

5 Side region o. me posting --^^^ ,r .here 

Referring now to FIG. 15. tne i> snapeu u. 
Shown is .un=.iona«y fully and s.n,=.ura.^, almos. .u», iden«cal to the .«.n9 57^ 
Z only di«erenoe between .hem is ma. the .i..ing 5r ,s totally a one^re e 
«,her man a wo-piace struoture. This is acoomplished by utilizing a s arting 
,e r:.!- s.,p wh>: in »s orlgina, .la. s«te (not shown ^-'^-^^J^^;^^ 
from BS 1 5) is essentelly T-sh««d m outline, wim me wedgmg stnp 57f beii^^g 
ZZ ». a par. o. me overall shaping operaUon by bending me laterally 
prZclng extlion <.he leg o. me -r, o. .he middle por.ion o. .he ong,na 
manlum strip .*ich ultimately oons«u.es .he par.Hion 57e' over a. 67g ,n.o .he 
1 5 confines of the loop 57b' and me passageway 57d' defined therein. 
" Tht provisi^ and use of e somewha. diferen. torn, o, wedging-t pe 

f„.ing 5S ,or effact^g the oonneCion 5. between me uail.g - 3" ^ lo" 
the electrode carrier 51 and the positioning member 52 are 

58b accommodates the positioning member 52. The pon 
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rr^^r For the purposes of achieving the desired one-way 

L .o«a-. -.recion. Is ln*ed a, a sma» angle, on ,he order o. a^"^""^' " 
s so relative to the axis o. tt,e fittina and in a direction toward the » s ol the 
ZJZ^y set, and temtinates In a torwardiy directed ntodera eiy Shan, 
passageway . ^ ,„^, 

lal o, the pewi-iiKe wedging action o, me element 58e as it ,nto he 
,0 pTsZng member (see RG. 17), cannot move raiatKre to the ..n,ng ,n the 

■^"y ranlr type o. f«g S9 *.r enacting the connec,«n s.- ^hveen the 
.raiiin, 1 regionsra and o, the electrode 

member 52 is illustrated in RGS. 1B and 19. In the assembly 50 according to 
,5 r^Ld^ent o, the present Invent^n. the tlttv-g 59 is constKuted by a^ngm 
7Jre Ol titanium or a like biocompatible metal spirally wound ,n,o the form o 
«ge L bod, detlnlng two axially e«en«ng substantially paralM passageways 
ZZ 59b separated .rem each other by an interior transverse pan,, on 59c. 
The passageway 59a accommodates the electrode "-r ^t. a^^^^^^^^^^ 
20 passageway 59b accommodates the positioning member 52. 

Ts Jbly 5V. the portion o, the body 0. ^ 

electrode carrier 51 extends is shown as t)e.ng fixed to the latter Dy. 9 

,« cnmped onto the poslUonmg member (the lockmg acK« 
inherently eflective against movement of the pos,tK.n,n, member 
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electrode carrier in either direction). 

The electrode carrier/positioning member assembly 50" according to the 
embodiment of the present invention shown in FIG. 19 also includes, for 
effecting the desired linkage or articulated connection between the leading end 
5 regions 51a and 52a of the electrode carrier 51 and the positioning member 52, 
a ball-and-socket joint 53' which is a slightly modified version of the 
ball-and-socket joint 53 shown in FIG. 12. In the joint 53' the means for 
attaching the ball element 53a' to the electrode carrier comprises, in lieu of a 
bundle of wires, a flexible web or strand (or a bundle of strands) 56a* of Dacron 

10 polyester or a comparable biocompatible fibrous material, the web or strand 
being molded at one end thereof into the leading end region 51a of the 
electrode carrier and at its other end into the ball element. It should be 
understood, however, that of the two ball-and-socket joints herein disclosed, the 
joint 53 is preferred and currently constitutes what is deemed to be the best 

1 5 mode of effecting the linkage between the leading end regions of the electrode 
carrier and the positioning member in the assemblies 50, 50' and 50". 

Referring now to FIG. 20, in the initial phase of the implantation of the 
electrode carrier/positioning member assembly 50 (or 50* or 50") into the 
cochlea 32, the leading end region of the assembly in its straight state is 

20 inserted into the scala tympani 36 through the round window 38. with the side 
region of the electrode carrier 51 where the contact faces of the electrodes 55 
are exposed being directed toward the radially inner wall 43 of the cochlea and 
with the positioning member 52 lying at and along the side region of the 
electrode carrier which is directed toward the radially outer wail 44 of the 

25 cochlea. This phase of the insertion movement, which is effected by the 
surgeon pushing the positioning member longitudinally ahead with the aid of a 
suitable tool (not shown) and results in the electrode carrier being effectively 
pulled along by the positioning member due to the presence of the linkage 53 
(not shown in FIGS. 20 and 21). continues until the bend in the leading end 

30 region 52a of the positioning member 52 comes into contact with the radially 
outer wall 44 of the cochlea, at which time a portion of the medial 
electrode-bearing region 51c of the electrode carrier is in contact with a portion 
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Of the radiaHy inner wall 43 of the cochlea. 

As the pushing force then continues to be exerted on the positioning 
member 52 by the surgeon, the assembly enters the spirally curved section of 
the cochlea and begins to adopt the curvature of the cochlea, with the 
5 positioning member continuing to glide along the radially outer wall 44 of the 
cochlea as indicated in phantom outline in FIG. 20. At the same time, however, 
the frictional drag being exerted by the radially Inner wall 43 on the electrode 
carrier tends to retard the movement of the electrode carrier somewhat relative 
to the movement of the positioning member. Thus, the continuing pushing force 
1 0 that is exerted by the surgeon on the positioning member causes the trailing end 
region of the latter to advance somewhat relative to the electrode carrier past the 
location of the fitting 57 (or 57'. 58 or 59). As a result, by virtue of the 
connections 53 and 54 (or 53" and 54' or 54") between the leading and trailing 
end regions of the electrode carrier and. respectively, the leading and trailing 
1 5 end regions of the positioning member and by virtue of the separation between 
the medial regions of the electrode carrier and the positioning member, the 
leading end region of the positioning member begins curving away from the 
outer wall 44 of the cochlea, as also shown in phantom outline In FIG. 20. With 
the positioning member exerting an outwardly directed force on the radially 
20 outer wall of the cochlea, the leading end region of the electrode earner .s 
forced across the width of the scala tympani as the medial region of the 
positioning member between its leading end region and the part of its trailing 
end region then extending through the fitting 57 (or 57'. 58 or 59) begins to 
assume an outwardly bowed or arched configuration relative to the medial 

25 region of the electrode earner. 

By the time the assembly has reached the end of the spiral section of the 
cochlea, therefore, as is indicated diagrammatically in FIG. 21. the forces 
exerted by the positioning member through its leading and trailing end regions 
on the corresponding end regions of the electrode carrier ensure that not only 

30 the leading and trailing end regions of the electrode carrier but also its medial 
region over substantially the entire length of Its electrode-bearing surface are 
Shifted across the scala tympani into close hugging contact with the radially 
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inner «.» 43 o) the coohtea, thereby disposing the electrodes 55 In es close . 
;Z L to the modulus and the ,»tg,ton cel« 40 es poss,.^ (see^ 
FIG Z and no. ^ me vicinity o. the damafled hair ceUs (wh«h ,s the s«uat,on 
Ist^Id in B3S. 10 and ,„. -me pos«lon^, h,emher thus not on. ach««s 
5 .he desired dlsposlUon o. the electrodes in proxlmKy to .he ganglion ce^^s bu. 
Z Z^ as me means tor ho»g then, m mat deposition by vinue o, me . « 
Z Z outward .orce «<erted by the posHlonmg nembar on me radially ou«r 
Z 44 o< me cochlea ensures ma, me electrode carrier Is conlinuously .orced 
and held against me radially inner wall 43 o1 me cochlea. 
,0 Once me e.«=Uode carrier/positioning member assembly has been fully 

advanced ln,o the cochlea to me desired f.«l posl,»n 
me fitting 57 (or sr or 58). which is men located |us, outsKla me entrance to me 
^chlea becomes a means for loCing me enlire assembly in place w«hin the 

roThlea. This is achieved aut^a«call, and wnho '"^'ZZ ° 

1 5 pertom, any positive act toward ma. end. As previously mentioned, the fitting 57 
^r 57 or SeretleClvely provides for a one-directional .on«ard movemen, oHhe 
iLnlng rnember meremrough. Thus, in mis case the positioning member 
:rsubs.an.«y .reeV past me edge 57h ,or 57h. or 58„ o, the we ging 
571 (or 57r or 58e) in me forward direction dur».g .he insertion stage, 
ao . : le le ling force . being exerted on me positioning member by the 
surgeon When the insertion stage has been completed, however, and he 
purg force is relaxed, any reverse movemen. o. the .hen bowed or arched 
.„^h.r is eHeclively precluded because as soon as such a reverse 

=:.r::erg.geLen.,— ^^^^^ 

Ttrcrourrbly 50-. on me om. hand, .he same result is 


wo 96/31087 


PCTyAU96y00179 


29 

achieved except that the surgeon must perform a positive act in order to effect 
the locking action when the insertion of the assembly has been completed. 
Thus, the surgeon must crimp the portion of the body of the fitting 59 through 
which the positioning memt>er extends against the latter so as to prevent any 
5 further movement of the positioning member relative to the fitting and the 
electrode carrier in either direction. In this way, the assembly is constrained to 
remain firmly in its desired implanted position, because the medial region of the 
positioning member, being unable to straighten out, must remain in Its arched 
state and hence in full surface contact over the major portion of its length with 

1 0 the radially outer wall of the cochlea. As a result, any instability or inadvertent 
movement of the electrode carrier in the cochlea, and especially a reverse 
movement thereof out of the cochlea, is rendered effectively impossible. 
Second Embodiment 

Referring now to FIGS. 23-25. in the embodiment of the invention there 

15 shown the electrode carrier/positioning member assembly 60 includes an 
electrode carrier 61 and a positioning m6mk>er 62 which are arranged alongside 
one another and include means 63 connecting the leading end region of the 
electrode carrier to the leading end region of the positioning member and 
means 64 connecting the trailing end region of the positioning member to the 

20 trailing end region of the electrode carrier somewhat rearwardly of the trailing 
.end of the array of electrodes 65 on the electrode carrier. Whereas in the 
embodiment of FIGS. 20-22, however, both the electrode carrier and the 
positioning member are solid rods of the appropriate biocompatible plastic 
material, as shown in FIGS. 12-13, 17 and 19. in the embodiment of FIGS. 23-25 

25 only the electrode carrier 61 is such a solid rod. The positioning member 62. on 
the other hand, is not a solid rod but rather is constituted by an elastic axially 
compressed tube 66 of a biocompatible plastic material, e.g.. Silastic or the like, 
and a wire or tension member 67 of platinum or other biocompatible metallic or 
high strength plastic or fibrous material extending longitudinally slidabty through 

30 the tube 66 for the purpose of imparting stiffness to the tube. The tube 66 even 
in its compressed state is somewhat longer than the array of electrodes 65. 

As shown, the connection 63 between the leading end region 62a of the 
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positioning member 62 and the leading end region 61a of the electrode carrier 
61 is effected by the leading end region of the wire 67 which protrudes from the 
leading end of the tube 66. The wire has a reverse t>end 67a formed therein to 
define a hook-like portion the free end of which is secured, as shown at 67b, to 
5 the tip of the electrode carrier, e.g., by being molded thereinto. The bend 67a in 
the wire 67 at the same time constitutes a hinge portion about which the 
positioning member 62, under conditions to be described presently, can move 
angularly (pivotally) relative to the electrode carrier in the common axial plane of 
the assembly. 

1 0 The connection 64 between the trailing end region 62b of the positioning 

member and the trailing end region 61b of the electrode carrier is effected by 
having the trailing end region 66b of the tube 66 fixedly secured, e.g.,, bonded, 
to the electrode carrier as shown at 68. The trailing end region of the wire 67 
extends somewhat beyond the trailing end of the compressed tube and is 

15 initially held fast to the electrode carrier, e.g.. by being clamped thereto (not 
shown) adjacent the location of the connection 64. In the starting condition of 
the assembly 60, therefore, the wire 67 maintains the compressed tube straight 
and in close parallel juxtaposition to the side region of the electrode carrier 
opposite to the side region where the electrodes 65 are exposed and thereby 

20 prevents the tube from expanding. 

The initial insertion of the assembly 60 into the cochlea 32 (see FIG. 23) 
is effected, as before, through the round window 38 with both the electrode 
carrier 61 and the positioning member 62 in their straight state. During this 
phase of the insertion operation, for which the pushing force is applied by the 

25 surgeon to the electrode carrier, the trailing end of the wire 67 remains clamped 
to the electrode carrier, so that the wire is constrained against movement 
relative to the electrode carrier and ensures that the compressed tube also 
remains straight. When the assembly then enters the spirally curved section of 
the cochlea (see FIG. 24), both the positioning member 62 and the electrode 

30 carrier 61 become correspondingly curved as the positioning member rides 
along the radially outer wall 44 of the cochlea, during which time the electrode 
carrier (because of its previously described "memory" and tendency to return to 
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its straight form and hug the outer wall of the cochlea) closely follows the 
curvature of the positioning member. The contact faces of the electrodes 65 are, 
consequently, disposed out of the desired close proximity to the radially inner 
wall 43 of the cochlea and the adjacent ganglion cells 40. 
5 When the insertion operation has been carried out to the fullest extent 

possible, the assembly 60 over its entire length will be positioned as is shown in 
FIG. 24 for the leading end region thereof, i.e., with the electrodes 65 still 
positioned relatively far away from the ganglion cells 40. At that point, the 
trailing end of the wire is undamped from the electrode carrier and released. 

10 This eliminates the constraint exerted by the wire on the compressed tube 66 
and permits the latter to expand longitudinally, but because both the leading 
and trailing end regions of the tube are stationarily connected to the electrode 
canier at 63 and 64, the expansion of the tube causes it to assume an outwardly 
arched or bowed configuration relative to the electrode carrier with which the 

15 wire, by virtue of the hinge action of the bend 67a thereof and by virtue of the 
fact that a portion of the trailing end region of the wire is drawn into the tube as it 
expands and becomes longer, does not interfere. As a result, the expanding 
tube acts in the manner of a spring and, aided by the stiffening effect of the wire 
confined within the tube, exerts an outward force on the radially outer wall of the 

20 cochlea which causes the electrode carrier along its entire length to be forced 
across the width of the scale tympani, as indicated by the arrows in FIG. 25, until 
its concavely curved side region where the contact faces of the electrodes are 
located comes into contact with the radially inner wall of the cochlea and into 
close hugging contact with the modiolus, as shown in FIG. 25. The bowed or 

25 arched positioning member 62 not only serves to dispose the electrodes in the 
closest possible proximity to the ganglion cells, but also, once the trailing end 
region of the wire outside the tube has been re-clamped to the electrode carrier, 
locks the assembly, and especially the electrode carrier, in place and makes 
any instability or inadvertent movement thereof in the cochlea effectively 

30 impossible. 


Third Embodiment 
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Referring now to FIGS. 26-28, in this embodiment of the invention the 
electrode carrier/positioning member assembly 70 is a composite straight 
rodlike structure one part of which constitutes the electrode carrier 71 and 
another part of which constitutes the positioning member 72, the electrode 
5 carrier and the positioning member having their respective leading end regions 
71a and 72a and their respective trailing end regions 71b and 72b connected to 
each other, e.g., by bonding or molding, at 73 and 74. The arrangement 
preferably is such that, with the positioning member 72 being located along the 
side region of the electrode carrier 71 opposite to the side region of the latter 

10 where the contact faces of the electrodes 75 are exposed, a small space 76 is 
left between and separates the medial regions of the electrode carrier and the 
positioning member from each other (although the presence of such a space is 
not essential as long as the two medial regions are not connected to each 
other). In the assembly 70, the electrode carrier 71 is as usual made of a 

1 5 biocompatible plastic material such as Silastic silicone polymer which does not 
have the property of swelling or expanding when exposed to water in the 
patient's body fluids. The positioning member 72, however, is made of a 
biocompatible plastic material which may also be Silastic silicone polymer but is 
compounded, e.g., by being admixed with finely ground NaCI. polyacrylic acid, 

20 or a like substance, so as to have the property of swelling or expanding when 
exposed to the water in the patient ' s body fluids. 

The assembly 70 is initially inserted into the scala tympani through the 
round window 38 while in its straight state (see FIG. 26). When the leading end 
region 72a of the positioning member 72 reaches the radially outer wall 44 of 

25 the cochlea and the assembly enters into the spirally curved section of the 
cochlea, the continuing pushing force exerted on the assembly by the surgeon 
causes the assembly to assume the curvature of the radially outer wall 44 of the 
cochlea. This can be seen from figure 27. In this embodiment, in contrast to the 
earlier embodiments, both the positioning member 72 and the electrode carrier 

30 71 assume essentially the same curvature, even at full Implantation, as they are 
joined as a single assembly 70. At full implantation, the components are still 
joined at both ends, and the electrode carrier 71 is positioned some distance 
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from the radially inner wall 40. 

However, as the positioning member 72 is formed from a water swellable 
material, due to exposure to the fluids in the scala tympani, the electrode carrier 
will expand and hence lengthen, as is shown in FIG 28. Positioning memt>er 72 
5 will accordingly urge, as shown by the arrows, electrode carrier 71 towards the 
radially inner wall 43. At portion 72a, the assembly remains joined, as it does at 
74, so the expanding positioning member 72 forms curve 72b, separating from 
the electrode carrier 71. It can t>e seen that the resulting structure provides a 
similar function to the similar arching mechanical structures in the other 

10 embodiments. The material selected and geometry of the assembly 70 will 
determine the time taken to assume the expanded position. It will be 
appreciated that various alternative shapes could be used for the elements of 
the assembly 70 within this embodiment of the invention. 
Fourth Embodiment 

15 FIGS. 29-31 show a cochlear electrode implant assembly 80 which, in 

accordance with the present invention, includes an electrode carrier 81 and an 
associated positioning member 82, together with means 83 for connecting the 
leading end region 81a of the electrode carrier to the leading end region 82a of 
the positioning member and with means 84 for connecting the trailing end 

20 region 81b of the electrode carrier to the trailing end region 82b of the 
positioning member while leaving the respective medial regions 81c and 82c of 
the electrode carrier and the positioning member separate from, i.e., 
unconnected to, each other. The electrode carrier 81 is shown as being a 
straight flexible solid rod of part circular or semicylindrical cross-section having 

25 a flat upper surface 81 d and an arcuate, preferably circularly curved, lower 
surface 81e, the rod being made of Silastic or an equivalent biocompatible 
material. The electrode carrier, in its medial region 81c between the leading 
and trailing end regions 81a and 81b, bears on its lower surface 81 e an array of 
longitudinally spaced electrode elements 85 in the form of arcuate bands or 

30 layers of a biocompatible metal such as platinum or platinum alloy, and is further 
provided with a series of insulated electrical conductors 86 made of like 
biocompatible metals and emt>edded in the interior of the electrode carrier for 
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conducting stimuli in the form of electrical sound-representing signals or 
impulses to the various electrode elements. 

Correspondingly, the positioning member 82 in this embodiment of the 
invention is also a flexible solid rod of preferably part-circular or semicylindrical 
5 cross-section having a flat lower surface 82d and an arcuate, preferably 
circularly curved, upper surface 82e, this rod being shown as being somewhat 
thinner than the electrode carrier 81 (although this is not an essential or 
indispensable condition). The positioning member 82 initially is also generally 
straight, has its flat lower surface 82d juxtaposed to the flat upper surface 81 d of 

10 the electrode carrier, Le., to the side region of the latter opposite to the one 
where the contact faces of the electrode elements 85 are exposed, and extends 
lengthwise of and along the electrode carrier so as to have its leading and 
trailing end regions 82a and 82b adjacent, respectively, to the leading and 
trailing end regions 81a and 81b of the electrode carrier. The positioning 

15 member, for purposes of enhanced stiffness and tensile strength, is preferably 
made of a biocompatible material which is somewhat harder than Silastic, for 
example, nylon, Teflon (polytetrafluoroethylene) or a Teflon-like material, or the 
like. 

It will be understood, of course, that the electrode carrier and the 
20 positioning member may have otherwise matching configurations, for example, 
the former may be of cylindrical cross-section and the latter of a crescent or 
moonshaped cross-section, while the contacts or electrode elements may just 
as well have any of the configurations shown above. 

The connection 83 between the leading end region 82a of the positioning 
25 member and the leading end region 81a of the electrode carrier in the illustrated 
embodiment of the present invention is effected, as best shown in FIGS. 29 and 
33. by means of a latchless rod-and-socket joint which includes a socket part 
supported by the electrode carrier and a rod part supported by the positioning 
member. 

30 More particulariy, the electrode carrier 81 at the time of its manufacture is 

provided in its interior with a few. preferably from 2 to 4, additional insulated 
wires 87 (although one somewhat thicker wire could serve the purpose just as 
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well) which are physically identical to and extend longitudinally through the 
electrode carrier like the conductors 86 but are not connected to the source of 
the electrical stimuli. The bundled wires 87 at their distal ends are arranged in a 
tubular coll formation 87a which is emt>edded in the tip region of the electrode 
5 carrier so as to have its axis or hollow interior slanting downwardly and 
forwardly from the flat upper surface 81 d of the electrode carrier toward but not 
all the way to the arcuate lower surface 81 e thereof. Access to the interior of the 
wire coil formation is provided through an opening or port 81f which is formed in 
the upper surface 81 d of the electrode carrier and has its axis aligned with the 

10 axis of the coil fonmation 87a. Correspondingly, the positioning member 82 is 
provided at the time of its manufacture with an interior guide wire 88 (see FIG. 
32) which extends along the entire length of the positioning member (see FIG. 
29) and has its front end portion 88a projecting from the tip of the positioning 
member (see also FIG. 33). The front end portion 88a of the guide wire 88 is 

15 conventionally cross-sectionally round, having a diameter of about 0.1 mm. and 
projects for a distance of about 2 mm from the tip of the positioning member at 
an inclination to the longitudinal axis of the positioning member essentially 
matching the inclination of the axis of the coil formation 87a to the longitudinal 
axis of the electrode carrier. The main portion 88b of the guide wire 88, on the 

20 other hand, is flattened to a generally rectangular cross-section having a 
thickness of about 0.03 mm, and is disposed with its flat lower face 88c parallel 
to the flat lower surface 82d of the positioning member (see FIGS. 30 and 31). 
The portion 88b of the guide wire 88, with a width about half that of the 
positioning member, thus serves to stiffen the latter against flexure in the plane 

25 of the guide wire while permitting essentially unhindered flexure in a direction 
perpendicular to the plane of the guide wire, i.e., toward and away from the flat 
upper surface 81 d of the electrode carrier. 

It will be understood, therefore, that the wire coil formation 87a in the 
electrode carrier constitutes the socket-part of the joint or connection 83, while 

30 the end portion 88a of the guide wire 88 projecting from the positioning member 
constitutes the rod-part of the joint. Moreover, in order to establish the joint 
during the assembly of the positioning member and the electrode carrier with 
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each other it is merely necessary to slip the projecting rod*shaped end portion 
88a of the guide wire 88 into the coil formation 87a through the opening 81 f in 
the upper surface 81 d of the electrode carrier. It will also be apparent from the 
foregoing description that the joint 83 is devoid of any device for latching or 
5 locking the rod-part 88a to the socket-part 87a. Thus, a positive connection 
between the electrode carrier and the positioning member exists only when the 
latter is moving longitudinally forwardly while the rod-part 88a of the joint is 
freely slidingly received within the hollow interior of the socket-part 87a of the 
joint, in other words, during the insertion of the assembly into the cochlea. 

1 0 When the positioning member is moved longitudinally rearwardly relative to the 
electrode carrier, the joint is automatically disabled as the rod-part 88a thereof, 
not being latched to the socket-part 87a, simply slips out of the socket-part and 
leaves the electrode carrier in place. 

The connection 84 between the trailing end region 81b of the electrode 

15 carrier and the trailing end region 82b of the positioning member is effected by 
means of a fitting in the fomi of a ring-shaped band or tike member 89 having an 
essentially D-shaped cross-sectional configuration characterized by a flat or 
planar inner wall 89a and an arcuate outer wall 89b. with the flat wall 89a of the 
"D" defining the inner circumferential boundary surface of the ring. As can be 

20 seen from FIGS. 29 and 30, the inner configuration (form and diameter) of the 
ring member 89 closely matches the combined outer cross-sectional 
configuration of the assembly constituted by the electrode carrier 81 and the 
positioning member 82 regardless of their individual cross-sectional 
configurations so that, in their properly assembled state, the ring closely 

25 surrounds and embraces the trailing end regions of the positioning member and 
the electrode carrier and, despite the anti-friction properties of the material 
(PTFE or the like) of which the positioning member is made, frictionally holds the 
electrode carrier and the positioning member together. That frictional 
engagement, therefore, especially when the portion of the trailing end region 

30 82b of the positioning member located just fonwardly of the connection 84 is 
(see FIG. 29) disposed at an obliquely upward inclination to the electrode carrier 
and in the absence of any extemally longitudinally applied force acting on the 
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positioning member, suffices to restrain the positioning member against any free 
longitudinal displacement thereof through the ring and relative to the electrode 
carrier. The anti-friction properties of the material of which the positioning 
member is made at the same time ensure that when a longitudinal rearwardly 
5 directed force of an appropriate magnitude is exerted on the positioning 
memt>er, the oblique portion of the latter located forwardly of the ring will be able 
to straighten out and slide through the ring relative to the electrode carrier. 

Referring now to FIGS. 34-36, in the initial phase of the implantation of 
the electrode carrier/positioning member assembly 80 into the cochlea 32. the 

1 0 leading end region of the assembly in its straight state is Inserted into the scala 
tympani 36 of the cochlea in the usual way (see FIG. 34), with the side region, 
i.e., the lower surface, of the electrode carrier 81 where the contact faces of the 
electrodes 85 are exposed being directed toward the radially inner wall 43 of 
the cochlea and with the positioning member 82 lying at and along the side 

15 region, i.e., the upper surface, of the electrode carrier which is directed toward 
the radially outer wall 44 of the cochlea. This phase of the insertion movement, 
which is effected by the surgeon pushing the positioning member longitudinally 
ahead, in the direction of the arrow A. with the aid of a suitable tool (not shown), 
results in the electrode carrier being effectively pulled along by the positioning 

20 member due to the presence of the joint 83. The forward movement of the 
assembly as a unit continues until the leading end region of the assembly 
comes into contact with the radially outer wall 44 of the cochlea, at which time a 
portion of the medial electrode-t>earing region 81c of the electrode carrier is in 
contact with a portion of the radially inner wall 43 of the cochlea. 

25 As the pushing force then continues to be exerted on the positioning 

member 82 by the surgeon, the assembly enters the spirally curved section of 
the cochlea and begins to adopt the curvature of the cochlea, with the upper 
surface of the positioning member gliding along the radially outer wall 44 of the 
cochlea as indicated in FIG. 35. At the same time, however, the frictional drag 

30 being exerted by the radially inner wall 43 of the cochlea on the electrode 
carrier tends to retard the movement of the electrode carrier somewhat relative 
to the movement of the positioning member. Thus, the continuing pushing force. 
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Still in the direction of the arrow A, that is exerted by the surgeon on the 
positioning member causes the trailing end region of the latter to advance 
somewhat relative to the electrode carrier past the location of the ring or band 
89. As a result, by virtue of the connections 83 and 84 between the leading and 
5 trailing end regions of the electrode carrier and, respectively, the leading and 
trailing end regions of the positioning member and by virtue of the separation 
between the medial regions of the electrode carrier and the positioning member, 
the leading end region 82a of the positioning member begins curving away from 
the outer wall 44 of the cochlea. With the positioning member exerting an 
1 0 outwardly directed force on the radially outer wall of the cochlea, the leading 
end region of the electrode carrier is forced across the width of the scala 
tympani as the medial region of the positioning memt>er between its leading end 
region and the part of its trailing end region then extending through the ring 
member 89 begins to assume an outwardly bowed or arched configuration 
1 5 relative to the radial region of the electrode carrier. 

By the time the assembly has reached the end of the spiral section of the 
cochlea, therefore, as is indicated diagrammatically in FIG. 36. the forces 
exerted by the positioning member through its leading and trailing end regions 
on the corresponding end regions of the electrode carrier ensure that not only 
20 the leading and trailing end regions of the electrode carrier but also its medial 
region over substantially the entire length of its electrode-bearing lower surface 
are shifted across the scala tympani into close hugging contact with the radially 
inner wall 43 of the cochlea, thereby disposing the electrodes 85 in as close a 
juxtaposition to the modiolus and the ganglion cells 40 as possible. The 
25 positioning member thus not only achieves the desired disposition of the 
electrodes in proximity to the ganglion cells but also serves as the means for 
holding them in that disposition by virtue of the fact that the outward force 
exerted by the positioning member on the radially outer wall 44 of the cochlea 
ensures that the electrode carrier is continuously forced and held against the 
30 radially inner wall 43 of the cochlea. 

Once the electrode carrier/positioning member assembly has been fully 
advanced into the cochlea to the desired final position of the electrode carrier. 
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the ring member 89» which is then located just outside the entrance to the 
cochlea, becomes a means for locking the entire assembly in place within the 
cochlea. This is achieved automatically and without the surgeon having to 
perform any positive act toward that end. At that time, as shown in FIG. 36, the 
5 upward or outward Inclination of the portion of the trailing end region 82b of the 
positioning member 82 located just forwardly of the ring member 69 ensures 
that the latter wilt exert a frictional restraining action on the positioning member, 
thereby inhibiting any reverse movement thereof. Thus, since the medial region 
of the positioning member cannot straighten out and must remain in 

10 substantially full surface contact over the major portion of its length with the 
radially outer wall of the cochlea, any instability or inadvertent movement of the 
assembly and especially of the electrode carrier in the cochlea is rendered 
effectively impossible. 

Referring now to FIGS. 37 and 38, the present invention greatly facilitates 

1 5 the removal of the implanted electrode assembly from the patient's ear if that 
becomes necessary for some reason, in that case, the surgeon needs only to 
hold the ring 89 stationary in the patient's outer ear and at the same time to exert 
on the positioning member 82 a rearwardly directed longitudinal pulling force, in 
the direction of the arrow B. of sufficient magnitude to overcome the frictional 

20 interaction between the ring and the obliquely inclined portion of the trailing end 
region of the positioning member. The resultant rearward sliding movement of 
that portion of the positioning member through the ring first straightens the 
arched portion of the positioning member down against the electrode carrier 
and ultimately causes the rod-part 88a of the joint 83 to be pulled freely out of 

25 the associated coil-shaped socket-part 87a of the joint. Thereafter, the then 
disconnected leading end region 82a and the medial region 82c of the 
positioning member move rearwardly along the radially outer wall 44 of the 
cochlea while in sliding contact with that wall, as shown in FIG. 37. which 
permits the positioning member to be easily withdrawn from the cochlea. 

30 The immediate effect of this extraction of the positioning member on the 

electrode carrier 81 will then depend on whether or not scar tissue has grown in 
the cochlea and encapsulated the electrode carrier. If such encapsulation (not 
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shown) has taken place, the electrode carrier will remain in its operational 
adjusted position, as shown in solid lines in FIG. 38, with the electrodes or 
contact elements 85 still in close proximity to the modiolus 43 and the ganglion 
cells 40. On the other hand, if no encapsulation has taken place, then after the 
5 connection 83 has been broken and the positioning member has been 
withdrawn, the "memory* of the material of which the electrode carrier is made 
causes the latter to try to uncoil and straighten out, with the result that the upper 
surface of the electrode canrier comes into contact with the radially outer wall of 
the cochlea, as shown in broken lines in FIG. 38. In either condition, of course, 
1 0 the electrode carrier can be easily extracted from the cochlea. 

It will be understood that the foregoing description of a number of 
embodiments of the present invention is for purposes of illustration only, and 
that the various structural and operational features and relationships herein 
1 5 disclosed are susceptible to a number of modifications and changes none of 
which entails any departure from the spirit and scope of the present invention as 
defined in the hereto appended claims. 
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CLAIMS 

1. A self-positioning cochlear electrode implant assembly adapted to be 
implanted in the scala tympani of the spirally curved cochlea of a human ear for 
stimulating cells of the spiral ganglion, said assembly comprising: 

a rod-shaped cochlear electrode carrier made of a biocompatible plastic 
material and sufficiently flexible to be able to assume the spiral curvature of the 
cochlea, said electrode carrier having leading and trailing end regions and 
tapering in cross-section from said trailing end region to said leading end 
region; an array of cochlear electrode elements supported by said electrode 
carrier at respective longitudinally spaced locations thereon in a medial region 
of said electrode carrier between said leading and trailing end regions thereof, 
said electrode elements having respective contact faces exposed along a first 
longitudinal side region of said electrode carrier; a rod-shaped electrode 
carrier-positioning member made of a biocompatible plastic material and 
sufficiently flexible to be able to assume the spiral curvature of the cochlea, said 
positioning member having leading and trailing end regions and being 
juxtaposed to and extending lengthwise of said electrode carrier along a second 
longitudinal side region of the latter opposite said first longitudinal side region 
thereof so as to have said leading and trailing end regions of said positioning 
member located adjacent said leading and trailing end regions, respectively, of 
said electrode carrier; and means connecting said leading and trailing end 
regions of said positioning member to said leading and trailing end regions, 
respectively, of said electrode carrier so as to leave a medial region of said 
positioning member separated from said medial region of said electrode carrier 
and adapted to assume an arched configuration relative to said medial region of 
said electrode carrier; 

whereby, upon insertion of said assembly into the scala tympani with said 
positioning member engaging and closely following the curvature of the radially 
outer wall of the cochlea and with said electrode carrier juxtaposed to and 
closely following the curvature of said positioning member, said positioning 
member when assuming said arched configuration against the constraint of the 


wo 96/91087 


PCT/AU96m0179 


42 

radially outer wall of the cochlea exerts a force on said electrode carrier at said 
leading and trailing end regions thereof to shift said electrode carrier into 
engagement of said first longitudinal side region thereof with the radially inner 
wall of the cochlea so as to position said contact faces of said array of electrode 
elements in close proximity to the spiral ganglion cells of the cochlea; and the 
connection between said trailing end region of said electrode carrier and said 
trailing end region of said positioning member serves, when the insertion of said 
assembly into the cochlea has been completed and said positioning member is 
in said arched configuration thereof, to stabilize said assembly in and lock the 
same against inadvertent reverse movement out of the cochlea. 

2. A cochlear electrode implant assembly according to claim 1, wherein said 
means for connecting said trailing end regions of said electrode carrier and said 
positioning member to each other comprises a fitting having a body with at least 
partly arcuate exterior peripheral portions, forward and rearward ends, and an 
interior partition extending from one end of said body to the other to provide said 
fitting with first and second substantially parallel passageways extending 
therethrough for accommodating said electrode carrier and said positioning 
member, respectively; the portion of said body of said fitting which in conjunction 
with said partition defines one of said first and second passageways is 
permanently affixed to the respective one of said electrode carrier and said 
positioning member extending through said one passageway; the portion of 
said body of said fitting which in conjunction with said partition defines the other 
of said first and second passageways is dimensioned for permitting sliding 
relative movement between said fitting and the respective other of said elec- 
trode carrier and said positioning member extending through said other 
passageway; and said portion of said body of said fitting in which said other 
passageway is located is provided with means enabling said other of said 
electrode carrier and said positioning member to be locked against movement 
through said other passageway. 


WO96AJ1087 


PCT/AU96AM)179 


43 

3. A cochlear electrode Implant assembly according to claim 2, wherein said 
second passageway is dimensioned to permit sliding relative movement 
between said fitting and said positioning member* and the portion of said body 
of said fitting in which said second passageway is located is provided with said 
means enabling said positioning member to be locked against movement 
through said second passageway. 

4. A cochlear electrode implant assembly according to claim 2 or 3, wherein 
the portion of said body of said fitting in which said first passageway is located is 
permanently fixed to said electrode carrier. 

5. A cochlear electrode implant assembly according to claim 2 or 3. wherein 
said portion of said body of said fitting In which said second passageway is 
located is provided with wedge-like means pemiitting forward movement but 
preventing reverse movement of said positioning member through said second 
passageway. 

6. A cochlear electrode implant assembly according to claim 5, wherein said 
wedge-like means comprises a pawl-like member supported by and extending 
forwardly from said portion of said fc)Ody of said fitting in which said second pas- 
sageway is located, said pawl-like member being inclined toward the axis of 
said second passageway and having a forward end edge which is in sliding 
engagement with a first surface region of said positioning member when the 
tatter moves forwardly through said second passageway, said forward end edge 
of said pawi-like member being sufficiently sharp to bite into said first surface 
region of said positioning member and thereby wedge said positioning member 
against reverse movement through said second passageway substantially 
immediately upon start of such reverse movement. 

7. A cochlear electrode implant assembly according to claim 6, wherein said 
pawl-like member is supported by and extends forwardly from said partition at 
an inclination toward the axis of said second passageway. 
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8. A cochlear electrode implant assembly according to claim 7. wherein 
pawl-like memt>er is supported by said partition adjacent the rearwardmost end 
of said partition and extends forwardly therefrom within the confines of said 
second passageway. 

9. A cochlear electrode implant assembly according to claim 8, wherein said 
pawl-tike member is welded to said partition. 

10. A cochlear electrode implant assembly according to claim 8, wherein said 
pawl-like member is an integral extension of said partition at said rearwardmost 
end of said partition and is bent over therefrom into said second passageway. 

11. A cochlear electrode implant assembly according to claim 8, wherein said 
portion of said body of said fitting in which said second passageway is located 
has a forward end edge which is spaced from said forward end edge of said 
pawl-like member and in sliding engagement with a second surface region of 
said positioning member, and which is sufficiently sharp to bite into said second 
surface region of said positioning member and thereby assist in wedging said 
positioning member against reverse movement through said second 
passageway substantially immediately upon start of such reverse movement. 

12. A cochlear electrode implant assembly according to claim 1, wherein 
each of said electrode carrier and said positioning member has the form of a 
solid rod; and said means connecting said leading end regions of said 
electrode carrier and said positioning member to each other comprises a 
ball-and-socket joint including a ball component and a correspondingly 
configured socket component each provided on a respective one of said 
electrode carrier and said positioning member. 
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13. A cochlear electrode implant assembly according to claim 12, wherein 
said ball component of said joint is located on said electrode carrier, and said 
socket component of said joint is located on said positioning member. 

14. A cochlear electrode implant assembly according to claim 13, wherein 
said ball component of said joint comprises a plurality of bundled wires of a 
biocompatible metallic material which at a first end region thereof are 
embedded in said electrode carrier and which project from said leading end 
region of said electrode carrier generally longitudinally thereof, and said 
bundled wires exteriorly of said electrode carrier terminate in a second end 
region and thereat support a ball member; said socket component of said joint 
comprises an axial rearwardly extending slit provided in said leading end region 
of said positioning member in a common axial plane of both said positioning 
member and said electrode carrier, and a ball member-receiving surface recess 
or depression provided on said positioning member on a side region of the latter 
which is directed away from said electrode carrier and at a location straddling 
said slit, said slit being dimensioned to accommodate the portion of said 
bundled wires between said first and second end regions of the latter; and said 
joint is established by said portion of said bundled wires being received in said 
slit and said bail member being received and seated in said recess or 
depression. 

15. A cochlear electrode implant assembly according to claim 1. wherein 
each of said electrode carrier and said positioning member has the form of a 
solid rod; said means connecting said trailing end regions of said electrode 
carrier and said positioning member to each other comprises a tubular fitting 
having a body provided with an internal generally axial partition and defining on 
opposite sides of said partition first and second substantially parallel 
passageways extending through and generally axially of said tubular fitting for 
accommodating said electrode carrier and said positioning member, 
respectively; the portion of said body of said tubular fitting which defines said 
first passageway is permanently fixed to said electrode carrier for joint 
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movement of said tubular fitting with said electrode carrier; the portion of said 
body of said tubular fitting which defines said second passageway is 
dimensioned to permit sliding movement of said positioning member relative 
thereto; and said tubular fitting is provided with means adapted to be activated 
upon completion of the insertion of said assembly into the cochlea for 
immobilizing said positioning member in said arched configuration thereof 
against reverse movement of said positioning member relative to said tubular 
fitting and for thereby stabilizing said assembly in the cochlea. 

16. A cochlear electrode implant assembly according to claim 15, wherein 
the portion of said body of said tubular fitting which defines said second 
passageway is deformable to permit crimping thereof onto said positioning 
member, and said deformable portion of said body of said tubular fitting 
constitutes said means activatable for immobilizing said positioning member. 

17. A cochlear electrode implant assembly according to claim 16, wherein 
said tubular fitting comprises a length of wire spirally wound to define both an 
outer wall of said body of said tubular fitting and said internal partition thereof 
between said first and second passageways. 

18. A cochlear electrode implant assembly according to claim 15, wherein 
the portion of said body of said tubular fitting which defines said internal partition 
thereof is provided with a wedge-like structure extending from said partition 
toward the axis of said second passageway for engagement with said 
positioning member when the latter is accommodated in said second 
passageway, said wedge-like structure is arranged to permit forward movement 
and to block reverse movement of isaid positioning member through said second 
passageway, and said wedge-like structure constitutes said means activatable 
for immobilizing said positioning member. 
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19. A cochlear electrode implant assembly according to claim 18, wherein 
said wedge-like structure comprises a pawl-like memt^er projecting forwardly 
from said partition and inclined at an angle toward said axis of said second 
passageway, said pawl-like member having a forward edge which does not 
interfere with forward movement of said positioning member through said 
second passageway but which is able to bite into said positioning member for 
bkx:king any reverse movement of the latter. 

20. A cochlear electrode implant assembly according to claim 19, wherein 
said tubular fitting comprises a strip of metal wound to define both an outer wall 
of said tx>dy of said tubular fitting and said internal partition thereof between 
said first and second passageways, and the portion of said strip which 
constitutes said partition has a lateral angularly inclined extension which 
constitutes said pawl-like member. 

21. A cochlear electrode implant assembly according to claim 1, wherein said 
electrode carrier has the form of a solid rod; said positioning member comprises 
an elastic axially compressed tut>e the length of which between its leading and 
trailing end regions in its compressed state is somewhat greater than the length 
of said array of electrode elements on said electrode carrier, and a flexible 
tension member extending slidably through said tube and having first and 
second end regions projecting from said tube at said leading and said trailing 
end regions, respectively, of said tube; said means for connecting said leading 
end regions of said electrode carrier and said positioning member to each other 
comprises a fixed connection between said first end region of said tension 
member and said leading end region of said electrode carrier; and said means 
connecting said trailing end regions of said electrode carrier and said 
positioning member to each other comprises a fixed connection between said 
trailing end region of said tube and said trailing end region of said electrode 
carrier, and means for releasably attaching said second end region of said 
tension member to said electrode carrier outside and somewhat rearwardly of 
said fixed trailing end region of said tube; 
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whereby said attaching means, when activated with said tension member 
straight prior to the insertion of said assembly into the cochlea, serves to 
maintain said positioning member in close juxtaposition to said electrode carrier 
while permitting both said electrode carrier and said positioning member jointly 
to assume the curvature of the cochlea; when deactivated after insertion of said 
assembly into the co^lea, serves to release said tension member so as to 
permit said tut>e. while stiffened by said tension member, to expand and assume 
said arched configuration and to shift said electrode carrier within the cochlea 
so as to juxtapose said contact faces of said array of electrode elements to the 
spiral ganglion cells; and when reactivated with said positioning member in said 
arched configuration thereof, serves to immobilize said tension member so as to 
maintain said positioning member in said arched configuration for thereby to 
stabilizing said assembly in the cochlea. 

22. A cochlear electrode implant assembly according to claim 21. wherein 
said tension member is a wire of a biocompatible metal. 

23. A cochlear electrode implant assembly according to claim 1, wherein 
each of said electrode carrier and said positioning member has the form of a 
solid rod, said electrode carrier being made of a biocompatible plastic material 
which is resistant to swelling or expanding when exposed to water, and said 
positioning member being made of a biocompatible plastic material which has 
the property of swelling or expanding when exposed to water; and said means 
connecting said leading and trailing end regions of said electrode carrier to said 
leading and trailing end regions, respectively, of said positioning member 
comprise a pair of fixed connections therebetween; 

whereby during the insertion of said assembly into the cochlea, said 
electrode carrier and said positioning member remain In close juxtaposition to 
each other and jointly assume the curvature of the cochlea; after the insertion, 
upon said assembly being exposed over a period of time to the action of the 
water in the person's body fluid present in the cochlea, said positioning member 
expands and assumes said arched configuration and shifts said electrode 
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carrier within the cochlea so as to juxtapose said contact faces of said array of 
electrode elements to the spiral ganglion cells; and said positioning member in 
said arched configuration serves to immobilize said assembly for stabilizing the 
same in the cochlea. 

24. A cochlear electrode implant assembly according to claim 23, wherein 
said fixed connections between said electrode carrier and said positioning 
member are molded or bonded joints. 

25. A cochlear electrode assembly according to claim 1 , wherein said means 
connecting said leading end regions of said electrode carrier and said 
positioning member to each other comprise a latchless rod-and-socket joint 
including a rod part supported by one of said positioning member and electrode 
carrier and a correspondingly configured socket-part supported by the other of 
said positioning member and electrode carrier, said socket part being 
constructed for slidingly receiving said rod-part without the two parts becoming 
latched to each other. 

26. A cochlear electrode assembly according to claim 25. wherein said 
means for connecting said trailing end regions of said electrode carrier and said 
positioning member to each other comprises a ring-shaped member made of a 
biocompatible plastic material and defining a passageway extending there- 
through dimensioned for jointly accommodating said electrode carrier and said 
positioning member with a close fit; and said ring-shaped member has a 
cross-sectional configuration defining a circumferential boundary surface for 
said passageway which, when said positioning member is in said arched state 
thereof and in the absence of a longitudinally and rearwardly directed force of 
an appropriate magnitude externally applied by the surgeon to said positioning 
member, frictionally restrains said positioning member against inadvertent 
reverse movement through said ring-shaped member and out of the cochlea. 

27. A cochlear electrode implant assembly according to claim 26. wherein 
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said cross-sectionai configuration of said ring-shaped member is generally 
D-shaped, with the flat wall of the "D* defining said circumferential boundary 
surface of said passageway. 

28. A cochlear electrode implant assembly according to any one of claims 25 
to 27, wherein said socket-part of said joint is supported by said electrode 
carrier, and said rod»part of said joint is supported by said positioning member. 

29. A cochlear electrode implant assembly according to claim 28, wherein said 
socket-part of said joint comprises a wire coil formation made of a biocompatible 
metallic material and embedded in said leading end region of said electrode 
carrier, said wire coil formation has an axis and an axial hollow interior for 
receiving said rod-part of said joint, and said axis of said wire coil formation is 
obliquely inclined within said electrode carrier rearwardly and upwardly in the 
direction from said first to said second longitudinal side region thereof; said 
electrode carrier is provided at said second longitudinal side region thereof with 
an access opening aligned and communicating with said hollow interior of said 
wire coil formation; said rod-part of said joint comprises a rod-shaped element 
made of a biocompatible metallic material and projecting forwardly from said 
leading end region of said positioning member, and said rod-shaped element is 
obliquely inclined relative to said positioning member forwardly and 
downwardly in the direction from said positioning member toward said electrode 
carrier when the same are located adjacent each other in said assembly; and 
said joint is established by said rod shaped element slidingly entering said 
hollow interior of said wire coil formation through said access opening, whereby 
only a forward movement of said positioning member causes a pushing force to 
be exerted by said rod-shaped element on said wire coil formation so as to 
cause a forward movement of said electrode carrier, while a rearward 
movement of said positioning member causes said rod-shaped element to be 
withdrawn from said wire coil formation and leaves said electrode carrier 
stationary. 
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30. A cochlear electrode implant assembly according to claim 29, wherein 
said positioning member has a guide wire embedded therein and extending 
through the entire length of said positioning member, the body of said guide 
wire within said positioning member is substantially flat in cross sectional 
configuration and has a flat face thereof facing toward said second longitudinal 
side region of said electrode carrier when said positioning member and said 
electrode carrier are located adjacent each other in said assembly, said guide 
wire thereby stiffening said positioning member against flexure in a direction in 
the plane of said guide wire while p>ermitting unhindered flexure of said 
positioning member in a direction perpendicular to the plane of said guide wire, 
and said rod-shaped element is constituted by an end region of said guide wire 
located outside said positioning memt>er. 

31. A cochlear electrode implant assembly according to claim 30, wherein 
the width of said body of said guide wire is about one-half the width of said 
positioning member in a side region of the latter which is located proximate to 
said second longitudinal side region of said electrode carrier when said 
positioning member and said electrode carrier are adjacent each other in said 
assembly. 

32. A cochlear electrode implant assembly according to claim 30. wherein 
the portion of said guide wire which constitutes said rod-shaped element is of 
conventionally round cross-sectional configuration. 

33. A cochlear implant device adapted for insertion in the scala tympani, 
including an electrode carrier including a plurality of electrodes, and having 
leading and trailing ends, wherein said device further comprises a positioning 
member, said positioning member being adapted to be joined to said electrode 
carrier at least during insertion at said leading end of said electrode carrier so 
as guide said electrode carrier during insertion, and after insertion said 
positioning member is adapted to assume an arched configuration relative to 
said electrode carrier, so as to urge said electrode carrier towards the radially 
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inner wall of said scala tympani, said device further including means for 
connecting the trailing end of said electrode carrier to said positioning member 
so that said arched configuration is maintained. 

34. A cochlear implant device according to claim 33, wherein said positioning 
member is initially attached only at the leading end to said electrode carrier, and 
after insertion said means for connecting are attached. 

35. A cochlear implant device according to claim 34, wherein said positioning 
member is attached a the leading end of said electrode carrier by attachment 
means which detach on reverse movement of said positioning means, so as to 
allow the positioning means to be detached from the electrode carrier to 
facilitate removal of the electrode carrier. 

36. A cochlear implant device according to claim 35, wherein the attachment 
means is a latchtess rod and socket joint. 

37. A cochlear implant device according to claim 33. wherein said electrode 
carrier is initially attached at both ends to said positioning member, said 
positioning member operatively increasing in length so as to form said arched 
configuration. 

38. A cochlear implant device according to claim 37. wherein said increase in 
length is due to water swelling of the positioning member. 
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